This paper describes the characteristics of manufacturing establishments in Britain over the period 1980 to 1996. Particular attention is paid to differences between plants of different ownership nationality. The findings suggest that establishments that are always foreign-owned have significantly higher labour productivity than those that remain under domestic ownership. In addition, labour productivity improves faster over time and faster with age in foreign-owned establishments. The difference in labour productivity is matched by an equivalent difference in levels of investment per employee. Establishments that change ownership nationality do not seem to experience very large changes in labour productivity levels. The proportion of skilled workers in the workplace, and wages for both skilled and operative workers are higher in foreignowned establishments than domestic-owned, in line with differences in labour productivity.
Summary
This paper investigates the characteristics of manufacturing establishments in Britain over the period 1980 to 1996, differentiating between establishments owned by foreign multinationals and domestic (UK) owned establishments. Multinational firms may play a role in increasing productivity either due to a composition effect, if they are more productive, or by increasing competition, which in turn drives productivity improvements, or by facilitating technology transfer from more technologically advanced economies.
Over the 1980s labour productivity in British manufacturing increased rapidly compared with the previous decade, and saw continued but slower growth during the 1990s. But labour productivity in the UK manufacturing sector remains lower than in the US, France and Germany. This labour productivity pattern observed in international comparisons is mirrored to some extent when we look across different nationalities of establishments operating within Britain.
We consider establishments that do not change ownership nationality separately from those that change from foreign to domestic-ownership or vice versa, due to a takeover or merger. Those establishments that remain under foreign-ownership are found to have significantly higher labour productivity, measured by value-added per worker, than those that remain under domestic-ownership. Larger differences are found in investment per employee, suggesting that the labour productivity differences are largely attributable to differences in investment levels.
For this group, labour productivity is found to increase with establishment age. Labour productivity is found to improve faster with age for foreign-owned establishments, but much of this difference appears to be explained by differences in establishments' capital stocks. Establishments are found to have lower labour productivity in their year of exit.
When we examine establishments that change ownership nationality labour productivity differences between foreign and domestic-owned establishments are smaller.
Foreign-owned establishments are found to use a higher proportion of skilled (administrative, technical or clerical) workers in their workforce than domestic-owned
Introduction
The 1970s and 1980s saw an increase in the international openness of the British economy. By 1980 the British government had removed exchange controls and had joined the European Economic Community. By the late 1980s Britain was embarking on the EU Single Market Program which aimed to improve the international mobility of capital. This opening up of the UK economy was expected to bring increased growth through a number of routes. In this paper we focus on the impact of inward investment.
From the early literature of Vernon (1966) , Dunning (1977) and Caves (1974) it has been suggested that multinational firms are more productive, and are concentrated in knowledge-intensive industries. The endogenous growth 1 and new trade literatures 2 focus on the role multinational firms play in transferring technology from the frontier to economies that lag behind technologically. Empirical work, largely at the aggregate level, has identified correlations between the openness of an economy and growth in productivity or export performance. labour productivity in the manufacturing sector within each of these countries. It shows that, while the position of the UK relative to the US has improved somewhat, it still lags behind the US, and to a lesser extent behind France, Germany and Japan. The figure shows labour productivity of manufacturing activity undertaken within these countries, both by domestic and foreign-owned firms. Studies comparing total factor productivity 1 See, inter alia, Barro and Sala-i-Martin (1995) , Aghion and Howitt (1998) , Grossman and Helpman (1991) .
2 See, inter alia, Krugman (1991a Krugman ( ,b, 1994 , Venables (1994) , Smith (1994) and Edwards (1998) .
3 These studies have generally used labour productivity, see, for example, Bernard and Jones (1996a,b) , Barrell and Pain (1997) ; Cameron, Proudman and Redding (1998) look at TFP; studies using micro-data include Blomstrom and Persson (1983) , Davies and Lyons (1991) , Globerman (1979) .
show a similar picture. 4 One interesting question is whether improvements in the UK's relative position have been driven by the presence of foreign-owned multinational firms in the UK.
In this paper we examine whether similar differences arise when we look across different nationalities of establishments operating within Britain. We examine differences in labour productivity and factor usage between foreign-owned and domestic-owned firms using plant level data. In doing so we control for industry, age, size, year of exit and plant specific unobservable characteristics. This will be informative in understanding whether it is physical location in Britain or Britishownership that underlies the observed international differences in labour productivity. If it is location in Britain that matters this may point to factors such as national competition policy, employment laws or the regulatory environment, for example planning regulations as highlighted in a recent report by McKinsey. However, if we find labour productivity differences between foreign and domestic-owned establishments both operating within Britain, this may indicate differences in the organisation of production and input usage, or that domestic-owned establishments differ from their foreign-owned counterparts technologically.
There are many studies of labour productivity using plant level data in the US and a growing number in the UK. 5 Two particular studies that are relevant for our purposes are Doms and Jensen (1998) and Howensteine and Zeile (1994) . Using US data Doms and Jensen (1998) show that that there are substantial differences between domestic and foreign-owned establishments. They find that foreign-owned establishments have higher labour productivity than the average US-owned plant, but lower labour productivity than plants owned by US multinationals. This indicates that what may be important is ownership by a multinational rather than foreign ownership per se. They also find that foreign-owned plants are more capital intensive and pay higher wages than the average US owned plant. Howensteine and Zeile (1994) describe the characteristics of foreign-owned establishments in the US. They find that foreignowned establishments are more capital intensive and larger. They have higher average wage rates but this is largely because they are in higher wage industries, not because they pay workers higher wages than other firms in the same industry.
Globerman, Ries and Vertinsky (1994) have shown, using Canadian plant-level data, that there are significant differences between domestic and foreign-owned plants.
Foreign-owned plants are found to have higher labour productivity, but after controlling for size, capital intensity, share of non-production workers, and share of male workers these differences disappear.
Another motivation for this line of research is that plant level studies in both the UK and US have found that within industry variation in labour productivity is greater than between industry variance. 6 Understanding sources of within industry variation helps explain both the determinants of productivity differentials between plants, such as differences in capital intensity, and the determinants of industry level productivity growth, for example by the replacement of low productivity plants with high productivity entrants.
In this paper we look at differences in characteristics between foreign and domesticowned establishments. We consider establishments that do not change ownership nationality separately from those that experience a change in ownership nationality, due to a take over or merger. The findings suggest that establishments that are always foreign-owned have significantly higher labour productivity than those that are always domestic-owned. In addition, labour productivity improves faster with age in foreignowned establishments. This is matched by an equivalent difference in levels of investment per employee. Both the proportion of skilled workers employed in the workforce, and wages for both skilled and operative workers are higher in foreignowned establishments than domestic-owned, in line with differences in labour productivity.
Domestic establishments that become foreign-owned do not have higher labour productivity, though their labour productivity improves faster after being taken over than that of establishments that go from being foreign to domestic-owned.
The remainder of this paper is structured as follows. The next section describes the data.
Section 3 describes trends in foreign ownership. Section 4 describes differences between domestic and foreign-owned establishments. A final section summarises. An appendix gives a more detailed description of the data.
Data description
Our main data source is the Annual Census of Production (ACOP) Respondents Database (ARD). This is the plant level data that underlies the Annual Census of production in Britain. 7 The ARD contains basic information on the population of production plants in Britain, including the number of employees and the nationality of the ultimate owner. Detailed information on outputs and inputs is collected from all establishments with over 100 employees, and below that threshold a stratified sample is taken. We use a cleaned up sample of the establishment level data for our main analysis and gross up to the population. The Data Appendix provides details on how we construct our sample and our grossing up factors.
Detailed data on outputs and inputs is reported at the establishment level. An establishment can be a single plant or a group of plants. In 1980 there were around 29 thousand incorporated establishments in manufacturing with at least 20 employees included in the ARD. 8 By 1996 there were one thousand more, as shown in Table 1 .
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, whereas total employment in British manufacturing fell during this period. Around 7% of these establishments were foreign-owned. These were on average bigger than 7 This is now called the Annual Business Inquiry (ABI). It is the UK equivalent of the US LRD.
8 See Oulton (1997) , Griffith (1999) and Perry (1995) for descriptions of the structure of the ARD.
9 These numbers exclude establishments that were not incorporated and those that were not yet in production.
domestic-owned establishments. The average size of both domestic and foreign-owned establishments has fallen over time.
We do not observe capital stock in the ARD. We do observe the purchase and sales of investment goods and from this we construct a capital stock series using the perpetual inventory method (see Appendix for details).
Our sample contains around 12 thousand annual observations of establishments, which account for around 70% of employment in the population. It contains a higher proportion of foreign-owned establishments than the population, and the establishments are on average larger (due mainly to the ONS sampling procedure). Appendix). Figure 4 shows aggregate value-added per worker calculated using our grossed up sample. This is similar to Figure 1 which was calculated using aggregate data from the OECD STAN dataset, and gives an indication that our grossed-up sample is representative of manufacturing as a whole.
We are interested in controlling for the age of an establishment, and looking at how labour productivity changes with age. We do not know the date that establishments were set up, but we can use information on the population of establishments back to 1973 to construct a truncated age variable. This gives us the length of time that a particular location has been used as a production facility, i.e. it is not linked to ownership but to the physical existence of the plant. 
Trends in foreign ownership
This section describes the level of activity in foreign-owned establishments in British manufacturing over the period 1980 to 1996. 11 We document that the proportion of manufacturing employment in foreign-owned establishments has remained fairly stable over the period at around 15% to 20%. North American-owned firms represent by far the largest share, although there has been an increase in the presence of European Union and Japanese-owned firms. The dominant form of entry for foreign-owned firms was takeovers of domestic-owned establishments. American-owned establishments has fluctuated but increased over the whole period.
There has been an increase in the proportion of employment in European and Japaneseowned establishments. Foreign-owned establishments account for a larger percentage of total value-added and investment than they do the number of establishments (from Table 1 we see that 12.4% of establishments in the sample were foreign-owned in 1996). The proportions of value-added and investment accounted for by each ownership nationality follow a broadly similar pattern to the employment shares, except for Japanese-owned establishments which consistently accounted for a larger share of investment than employment or value-added.
11 We analyse the real production activity of foreign-owned firms located in Britain. Much empirical research addressing the issues of how multinational investment affects the local economy has used data on the flows or stocks of foreign direct investment. However, foreign production (or even investment by foreign-owned firms) and foreign direct investment are not the same thing. The former is a measure of the amount of real activity that is undertaken by a firm that is resident in another country, while the latter is a measure of the flow of financial capital. They will differ to the extent that foreign-owned establishments finance expenditure from local capital markets and repatriate profits back to the parent country. This difference is pointed out by Auerbach and Hassett (1993) . Grubert and Mutti (1991) show that the two series are unrelated using data on US firms investment in Canada. Table 4 shows how activity in foreign-owned establishments is divided across industries within the population. The first column gives the proportion of total manufacturing employment in foreign-owned establishments in each industry in 1980. Column 2 shows the same figure for 1996. In 1980 nearly 20% of all employment in foreignowned firms was in the mechanical engineering industry (32). By 1996, the sector that accounted for the highest proportion of employment in foreign-owned firms was motor vehicles (35).
Foreign-owned establishments may enter the UK either by taking over an existing establishment, or by setting up a greenfield site. The final four columns show that the distributions of greenfield entrants and takeovers were broadly similar across industries to the employment distribution across industries, with a few notable exceptions.
Domestic entry via greenfield sites was low in chemicals (25). Foreign greenfield entry
was high in the technologically more advanced industries -office machinery (33), electrical and electronic engineering (34) and instrument engineering (37) -and low in food, drink and tobacco (41/42). The motor vehicles industry accounted for a low proportion of total entry (35). Table 5 shows the importance of foreign-owned establishments in each sector. This period saw an increase in the proportion of employment in each industry that was in foreign-owned establishments, notably office machinery (33), motor vehicles (35) exiting and incumbent establishments were foreign-owned for each industry. In almost all industries the proportion of greenfield entry is less than the proportion of incumbents, suggesting that the growth in the share of employment is due more to changes in employment patterns between surviving establishments, (e.g. employment growth in foreign-owned incumbents and decline in employment levels in domestic incumbents), than it is to greenfield entry. The final two columns show the proportion of foreign entrants within an industry that enter via greenfield versus takeover.
Takeover is the dominant form of entry in all industries except office machinery (33) and instrument engineering (37), though in most cases it is not much higher than greenfield. 1980 each account for less than 1% of employment in foreign-owned establishments. In the next section where we compare the characteristics of domestic and foreign-owned establishments we divide our sample into two groups: (1) establishments that are either always domestic or always foreign-owned; (2) establishments that change nationality between foreign and domestic ownership (at any point between 1973 and 1996) . Note that the first group also includes establishments that are taken over, e.g. those that go from domestic to domestic ownership or from foreign to foreign ownership. Table 6 shows that the establishments that remain under British ownership make up the largest proportion of establishments. The next largest category is those that are initially domestic and are taken over by a foreign-owned firm. 
Characteristics of establishments
This section compares the characteristics of foreign-owned manufacturing establishments that operate in Britain with British-owned establishments. Figure 5 shows real value-added per worker in French, German, Japanese and US-owned establishments relative to UK-owned establishments. These were calculated by aggregating up the ARD to the nationality-year level and constructing labour productivity measures in an analogous way to the aggregate macro measures shown in Figure 2 . Value-added per worker in US-owned establishments has been increasing relative to British-owned. This is in contrast to Figure 2 , where we saw that levels of labour productivity in manufacturing activity located in the US has become more similar to that located in the UK. This is interesting and suggests that one source of the convergence seen in Figure 2 may be US-owned establishments located in Britain.
In this section we examine the differences between domestic and foreign-owned establishments at the micro level. We first look at differences in labour productivity as measured by real value-added per worker. Value-added is reported in the ARD and we deflate it by a 4-digit output price deflator. Employment in the ARD is measured as the average number employed in an establishment during the year.
We also look at differences in the usage of intermediate inputs, investment and labour.
Different usage of intermediates may reflect the fact that establishments are at different positions on the value-added chain, for example higher intermediate usage may indicate that the establishment is an assembly plant. Higher investment per worker will reflect more capital intensive production and newer capital stock. These differences may help explain differences in labour productivity. Higher usage of skilled workers may also explain labour productivity differences between establishments. We would expect labour productivity differences to be reflected in differences in wages. It may also be the case that the use of performance related pay or efficiency wages induce higher labour productivity.
We do not present estimates of total factor productivity. This is because of a number of concerns we have about the measurement of the capital stock and about the appropriate methodology for measuring TFP when product markets are not perfectly competitive.
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Comparison of firms that are always foreign
We first look at establishments that remain under either domestic or foreign-ownership, over the entire period 1973-1996. Foreign-owned establishments are much larger than British-owned, as shown in Table 7 . They have higher output and value-added per employee, invest more per employee and use more intermediate inputs than British owned-establishments. They use a higher proportion of administrative, technical and clerical (ATC) workers (used as a measure of skilled workers) and pay both ATC and operatives higher wages. These characteristics are similar to the results seen in the US work where there were large unconditional differences. In that work it was found that it was important to compare to domestic multinationals with their foreign-owned counterparts. It is not possible for us to differentiate UK-owned multinationals in our data. Instead we condition on observable and unobservable characteristics.
We concentrate on the following explanatory variables:
• nationality of parent, ( ) i F f ;
• age of the establishment, and a separate age profile for foreign-owned in some
• size of establishment (measured by employment and normalised on mean industry
• year of exit, it exit ;
• time effects, and a separate time effect interacted with foreign-owned in some specifications, ( )
We are concerned that there may be other unobservable differences in firms that may be correlated with age, size or probability of exit. We allow for this by including a time invariant firm-specific effect, i η ,
We estimate this model in two steps (see Hsiao (1986) 
using the within groups estimator. Then we estimate the residual (including the fixed effect), take the time series mean, and estimate a regression of the form,
We assume a quadratic form for g(.) and h(.) while f(.) is represented by a series of dummies for different nationalities and t(.) is a full set of time dummies (in some specifications interacted with ownership). In column (1) labour productivity is regressed on age, size, a dummy for the year of exit and a full set of time and industry dummies. In column (2) and subsequent columns the sample is restricted to only those establishments that we observe five or more times.
Conditioning on this sample is necessary to enable us to use the within groups estimator. This does not changes the coefficient significantly. In column (3) individual establishment fixed effects are included. This changes the sign and significance of most variables. In column (3) we see that labour productivity is increasing in age, and at an increasing rate and is decreasing in size, though at a decreasing rate. Establishments have lower labour productivity in their year of exit than in previous years. In column (4) we explore the idea that foreign-owned establishments may adapt to new technologies better than British-owned establishments. We do this by interacting a foreign-ownership dummy with the age terms. If foreign-owned establishments improve faster with age then this should be captured by this term. Although these interactions are not individually significant they are jointly significant (as indicated by the F-test). The domestic and foreign age effects are shown graphically by the solid lines in Figure 6 (the dashed lines are explained in the discussion after Table 9 ). After 24 years the contribution of the age effect is almost twice as large in foreign-owned establishments as in domestic-owned.
We also tried interacting the year dummies with foreign-ownership. These were individually and jointly insignificant.
In the bottom half of the table we use the estimates from the top half to obtain estimates of the unexplained part of labour productivity, it e i+ η , and regress this on dummies for different nationalities of ownership, as described in equation (2). The results in column (3) suggest that North American-owned establishments have around 68% higher labour productivity than British-owned, EU-owned around 53% higher, other European-owned 42% higher, Japanese-owned around 64% and other foreign around 77% higher. 13 These are all significant and quite large differences. In column (4) we repeat this exercise.
Conditioning on differences in the age profile explains some of the differences in labour productivity, but large and significant differences remain. North American-owned establishments have around 36% higher labour productivity than British-owned, EUowned around 22% higher, other European-owned 18% higher, Japanese-owned around 46% and other foreign around 54% higher.
is approximately the proportional difference, where β is the coefficient on a dummy variable in a log linear regression.
The differences in inputs are investigated in Table 9 . In the first column we see that investment per employee is increasing in age, at an increasing rate. The profile for foreign firms is different, while the coefficients on the interaction between the foreign dummy and age are individually insignificant they are jointly significant. Investment per worker for foreign-owned establishments is initially decreasing then increasing.
Establishments invest less per employee in the year before they exit. In the bottom half of the table the unexplained part of investment per employee is regressed against the nationality of ownership dummies, the same procedure as used above and described by equation (2). These are all positive and significant. Their magnitude is larger than those for labour productivity. North American-owned establishments invest twice as much per worker as British-owned, EU-owned around twice as much, other European-owned two and half times as much, Japanese-owned around eight times as much and other foreign around twice as much. This suggests that differences in value-added per worker seen in Table 8 are largely attributable to differences in investment levels.
In Figure 6 we investigate the extent to which the higher age profile for labour productivity in foreign-owned establishments is explained by differences in their capital stocks. We run a regression of capital stock per employee similar to that shown in column (1). We take the coefficients on the age and foreign-age profiles and subtract them, multiplied by the average share of capital in value-added, from the age profiles for labour productivity from column (4) in Table 8 . 14 These capital adjusted age profiles for labour productivity are shown by the dashed lines in Figure 6 . We see that the age profiles are now very close for the first ten years. This is because foreign-owned firms have both higher labour productivity and a correspondingly higher capital stock. After 22 years the adjusted profiles diverge by around 20 percentage points.
14 The coefficients are age (0.015), age 2 (0.00035), age*foreign (0.0657), age 2 *foreign (0.0015). The average share of capital in value-added is 0.26. Finally we investigate differences in the type of workers employed and their average wages. In column (2) we see that the proportion of skilled workers is increasing in age and in size and is lower in the year before exit. We also see that foreign-owned establishments employ more skilled (ATC) workers. This could also partly explain higher levels of labour productivity. In columns (3) and (4) we see that wages are increasing in age, decreasing in size and lower in the year before exit. We see that foreign-owned establishments pay higher wages to both skilled workers and operatives, which is consistent with higher levels of labour productivity.
Comparison of firms that change nationality
In this section we compare establishments that change nationality and look at how their characteristics compare before and after the ownership change. Table 10 describes establishments that change nationality (at some time between 1973 and 1996) . It is important to note that we do not necessarily observe an establishment in the sample both before and after the change in ownership nationality.
The first two columns consider establishments that go from being British to foreignowned and describe their characteristics before and after the takeover. The size of establishment does not change noticeably, apart from a fall in average employment.
Labour productivity, investment per employee and wages all increase. The final two columns describe establishments that go from being foreign to British-owned. There are fewer of these. Labour productivity prior to takeover is higher than for the domestic to foreign takeovers. The size of establishment is on average less after the transition, while labour productivity remains fairly stable. For this group of establishments, those that change nationality, we consider the same variables as for the constant nationality group, and additionally consider the number of years since the establishment changed nationality, and whether the change was from domestic to foreign or the other way around. In this case we can estimate the equation directly because the foreign ownership dummies are now time varying, 
The coefficient on the foreign nationality dummies, β , now picks up the difference in the level of labour productivity between when the establishment was domestic-owned and when it was foreign-owned.
Column 1 of Table 11 shows estimates for the coefficients from this model including only nationality dummies and year effects, i.e. not controlling for unobservable firmspecific characteristics. This suggests that establishments have around 13% higher labour productivity when they are North American-owned, other European-owned around 5% higher, and other foreign-owned around 30% higher than when they were British-owned. In column 2 we condition on establishments that we observe at least 5 times; this makes little difference to the coefficient estimates. In column 3 we add 4-digit industry dummies. This reduces the North American difference to around 6%. Japanese-owned establishments exhibit around 11% lower labour productivity, and other foreign-owned have around 9% higher labour productivity. In column 4 we condition on age, size and year of exit. This drives the Japanese-owned dummy into insignificance. Labour productivity is increasing in size and is lower in the year before exit.
In column 5 we use a within groups estimator to condition on establishment-specific unobservables. This means that the nationality coefficients are capturing the difference in productivity that arises due to different ownership. This drives the coefficient on North American owned into insignificance. Establishments have around 7% higher labour productivity when they are owned by other European firms, compared to Britishowned. Those that are owned by Japanese firms have around 23% lower labour productivity, compared to British-owned firms.
We also tried allowing separate profiles for the number of years since the nationality change and whether it was domestic to foreign or foreign to domestic. This was intended to capture learning effects. The coefficients were not significant. In all specifications establishments have lower labour productivity in the year before they exit.
In Table 12 we compare inputs in establishments that change nationality. In column (1a)
we regress the log of investment per worker on nationality dummies, age, size, year of exit, year and industry dummies. In column (1b) we use a within groups estimator to control for unobservable differences in establishments. Establishments invest more per worker when North American, EU or Japanese-owned than when British-owned.
Are the differences in labour productivity reflected in the type of labour used or wages paid? We look at this question in the remaining columns. In column (2) we see that more skilled workers are employed when the establishment is North American-owned than when British-owned. In column (3) we see that skilled workers are paid more in Japanese-owned establishments, and in column (4) that operatives are paid more when establishments are EU or other European-owned. 
Summary and conclusions
This paper has investigated the differences in characteristics of manufacturing establishments in Britain over the period 1980 to 1996. Particular attention was paid to differences between plants of different nationality. At the aggregate level we see that value-added per worker has grown rapidly in the UK since the early 1980s. However, the UK still remains behind the other G5 countries in the league tables. We see a somewhat similar picture when we look within the UK. In aggregate British-owned firms have lower labour productivity than firms of other nationalities that are operating within Britain. There do seem to be some differences in the time trend of labour productivity levels, particularly with respect to North American firms. Comparing across countries, Britain is catching up with the US, but looking within Britain we see that North American-owned firms are widening the gap with British-owned firms.
When we look at the micro level we find that establishments that are always foreignowned have significantly higher labour productivity than those that are always domestic-owned. In addition, labour productivity improves faster with age in foreignowned establishments. However, this is matched by an almost equivalent increase in levels of investment per employee. Once we take this into account there is little difference between firms of different nationalities. When we look at establishments that change nationality, differences in labour productivity between foreign and domestic owned establishments are smaller.
These findings suggest that investment patterns, and usage of other inputs such as skilled workers, may go a long way towards explaining differences in value-added per worker between establishments. This raises the question of why foreign-owned establishments are investing more and using more skilled workers. Do British-owned establishments face some constraint, or is there some other explanation? We are addressing this and other interesting questions, such as how foreign-owned establishments have affected the performance of their domestic-owned counterparts, in ongoing research.
Data Appendix
The data used in this paper comes from the Annual Census of Production (ACOP) or Annual Business Inquiry (ABI) Respondents Database (ARD). This data is collected annually by the Office of National Statistics (ONS).
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Two types of information are contained in the ARD. Information on employment and group structure is available for all local units involved in production. A local unit is the smallest entity reported in ARD, it is effectively a plant (a single address).
16 Three main identifier codes are given -at the plant, establishment and enterprise group level. These indicate which local units (and establishments) are linked through common ownership.
Detailed information on inputs and output are collected at the establishment level. An establishment can be a single local unit or a group of local units. The number of local units accounted for by each establishment varies, and is reported. All production establishments located in Britain with more than 100 employees are sampled every year. Below 100 employees a stratified sample is taken. Only production establishments are surveyed. There is no information on non-production activities or activities located in other countries. When collecting the data the ONS asks that all non-production activities undertaken within the production establishments be excluded. This detailed data is called the selected data (the basic data on local units that are not surveyed is called the non-selected data).
In this paper we use data on the population of manufacturing plants and a sample of manufacturing establishments (we do not look at non-manufacturing production activities). We use a grossed up sample of the selected data for our main analysis.
15 See Oulton (1997) , Perry (1995) and Griffith (1999) for more details. The ARD gives the country of residence of the ultimate owner of the local unit. The domestic to foreign and foreign to domestic takeovers are identified using the nationality of ownership indicator (fo_code). There appear to be some miscodings in this variable. Where we observe fo_code changing for one year and then reverting to its previous value we assume that this is a miscoding. We discard establishments that appear to be taken over more than twice during the period.
The foreign ownership data in ARD is collected under a separate annual survey which is also used for the FDI statistics, thus the ownership data for FDI is exactly the same as for ARD. This data is augmented through with information from Dun and Bradstreet. 
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Capital stock data is not available in the ARD and we construct this using the perpetual inventory method (PIM) at the establishment-level. In order to do this we need to approximate the first period capital stock. We do this by allocating each establishment with a portion of an estimated 3-digit industry-level capital stock. The industry level capital stocks are estimated using a 1979 value from a study by Oulton and O'Mahony (1990) and then using the PIM with 3-digit industry level investment calculated by aggregating the ARD and grossing it up. An initial capital stock for each establishment is then estimated by using that establishment's share of energy usage within its 3-digit industry in that year. Where the capital stock is negative we set the capital stock to zero.
The entry and exit year of an establishment is calculated by identifying the first and last years that the establishment is present in the population of incorporated establishments that are in production. We do this using data on the population back to 1973. If an establishment goes from being a public corporation to being incorporated this is counted 17 CSO (1996) .
as an entrant. Similarly, establishments that go from being "not yet in production" to in production are counted as entrants.
We construct the population of local units (or establishments) by taking all local units (establishments) that are:
(i) in the selected data and are single local units (establishments) (these do not appear in the non-selected data),
(ii) in the non-selected data and not in the selected data (for these there will be one observation in the non-selected data that represents the aggregate of all others (i.e. the establishment), this should be denoted by struct=8 but seems to be coded incorrectly in many cases. We have identified the aggregate observation by using the selected employment (sel_emp) variable. We then remove it from the population of local units and retained it in the construction of the population of establishments.
(iii) in both selected and non-selected data we drop observations if sel_stat=7 or 8, these are ones marked deleted by ONS.
We create grossing up factors using employment in the population of establishments.
Two populations are used for this purpose. The first contains all establishments that are either always under domestic or foreign-ownership, and the second contains establishments that change ownership nationality due to a takeover. Grossing up factors are calculated at the 4-digit sic80-size-year level. Grossing up factors are not calculated by ownership nationality, as there are too many empty cells, where no foreign-owned establishments in a particular industry and size category are observed in the selected data, but they are in the population.
We allocate establishments to their mode 4-digit SIC code (so it is time invariant for each establishment). From 1992 we map sic92 codes to sic80 codes. The mapping is constructed using data from 1992 and 1993 when both industry codes are reported in the ARD. For each sic92 we use the sic80 from which the largest number of local units were recoded. We verify these mappings using Indexes to the UK Standard Industrial
Classification of Economic Activities 1992, ONS.
The ONS has made changes to the establishment identifier codes several times. Where possible we map over this coding change using postcode and industry code.
Around 1% of observations in our sample have negative value-added (expenditure on intermediate goods is greater than the value of output). We drop these observations.
Around 20% of observations have a wage bill that is greater than value-added (that is variable costs are greater than the value of output). This occurs more often in recessions, but is spread fairly evenly over years, industries, ages of establishments, and foreign and domestic establishments. These observations have lower value-added per employee, lower investment and pay lower wages, a shown in Table 13 . Coefficients are from a weighted regression of log characteristic on dummy for observations to be dropped from the sample, industry and time dummies 
